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Robotic-assisted median arcuate ligament release
Daniel Relles, MD,a Neil Moudgill, MD,a Atul Rao, MD,a Francis Rosato, MD,b Paul DiMuzio, MD,a
and Joshua Eisenberg, MD,a Philadelphia, Pa
Median arcuate ligament syndrome results from external compression of the celiac axis by attachments of the diaphrag-
matic crura. It has been treated with open or laparoscopic surgical decompression of the celiac axis with neurolysis. We
describe our initial experience treating three patients using a robotic-assisted technique with median arcuate ligament
release and celiac neurolysis. Average operative time was 2.2 hours. No intraoperative complications occurred. At an
average of 11 months postoperative (14, 11, and 8 months), two patients continue with resolution of preoperative
symptoms. Our experience affirms that further study using the robotic approach appears warranted. (J Vasc Surg 2012;
56:500-3.)
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lMedian arcuate ligament syndrome (median arcuate
ligament [MAL] syndrome, or celiac artery compression
syndrome) was first described in 1963 and results from
compression of the proximal celiac artery and/or celiac
ganglia by the fibrous attachments of the diaphragmatic
crura.1 Compression classically varies with respiration and
results in pain, weight loss, nausea, and vomiting. MAL
syndrome is typically a diagnosis of exclusion; however, a
variety of imaging and diagnostic modalities, including
mesenteric duplex ultrasonography,2,3 computed tomog-
raphy angiography (CTA), magnetic resonance angiogra-
phy (MRA),2,4 gastric tonometry,5 and mesenteric arte-
riography can suggest findings consistent with MAL
syndrome.
Treatment traditionally involves laparotomy with sur-
gical neurolysis and release of the MAL. This relieves any
extrinsic vascular compression, and accomplishes celiac
ganglionectomy, both implicated in the pathophysiology of
MAL syndrome. Minimally invasive treatment has been
described and has resulted in shorter postoperative recovery
time and decreased incisional pain without an increase in
operative time.6-10
Robotic-assisted surgery is gaining acceptance in sev-
eral surgical specialties. A recent review described a role
for robotics in vascular surgery, including robotic-as-
sisted aortic anastamoses, aneurysm repairs, and even
assistance with endovascular abdominal aortic aneurysm
repair and arterial reconstruction.11 Robotic-assisted
surgery offers advantages over traditional laparoscopy,
including improved visualization and operator controls.
From the Division of Vascular and Endovascular Surgerya and Division of
General Surgery,b Thomas Jefferson University.
Author conflict of interest: none.
Presented at the Twenty-fifth Annual Meeting of the Eastern Vascular
Society, National Harbor, Md, September 22, 2011.
Reprint requests: Joshua Eisenberg, MD, Division of Vascular and Endo-
vascular Surgery, Thomas Jefferson University, 111 S 11th Street, 6270
Gibbon Building, Philadelphia, PA 19107 (e-mail: joshua.eisenberg@
jefferson.edu).
The editors and reviewers of this article have no relevant financial relation-
ships to disclose per the JVS policy that requires reviewers to decline
review of any manuscript for which they may have a conflict of interest.
0741-5214/$36.00r
Copyright © 2012 by the Society for Vascular Surgery.
http://dx.doi.org/10.1016/j.jvs.2012.02.057
500he camera enables an improved view due to three-
imensional visualization, increased magnification, and
amera stability. The operative controls enable motion
caling, tremor elimination, and wristed movements with
dded degrees of motion over standard laparoscopic
evices. It offers the same benefits of minimally invasive
urgery compared with open surgery. As this technology
mproves, implementation and ease of use will increase.
his platform is well-suited for the operative management
f MAL syndrome. Our review of the literature revealed
ne case of robotic-assisted surgical treatment of this en-
ity.12 Herein, we add to the literature three additional
ases of MAL syndrome treated with the da Vinci Surgical
ystem (Intuitive Surgical, Sunnyvale, Calif).
ASE REPORTS
Our patients are all young females who presented after
ndergoing extensive diagnostic evaluations for abdominal pain
Table). In addition to pain, their symptoms included nausea,
eight loss, and food aversion. None had undergone prior
bdominal surgery. The confirmatory imaging patients had
ndergone varied, but included typical modalities for the diag-
osis of MAL syndrome. Magnetic resonance imaging (Fig 1)
or one patient revealed focal stenosis of the celiac trunk without
vidence of poststenotic dilatation. Duplex ultrasonography
Fig 2) revealed a dramatic change in peak systolic velocities
ith expiration and inspiration.
Mesenteric arteriography was performed on two of the pa-
ients to further elucidate the nature of their problem. This re-
ealed normal patency of the celiac artery during quiet breathing
nd significant stenosis with forced expiration. Intra-arterial pres-
ures were transduced with both inspiration and expiration reveal-
ng a pressure gradient of over 25 mm Hg during forced expira-
ion, consistent with a flow-limiting stenosis. The superior
esenteric artery appeared normal, without stenosis.
All cases were performed by the same robotically-trained
urgeon. With the patient positioned supine the abdomen was
ntered using Hasson technique with a supra-umbilical 12-mm
ort. The abdomen was explored and ports were placed in the right
nd left subcostal margins in themidclavicular line (Fig 3). A 5-mm
ubcostal port was placed in the right anterior axillary line, and the
eft lobe of the liver retracted cephalad with a laparoscopic liver
etractor. The robot was then docked over the patient’s left shoul-
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trium. Next, the lesser sac was opened and the hepatogastric
ligament divided, the dissection was carried down to the crura, and
the right crus was divided. The fibers of the crus were divided
until the anterior wall of the aorta was encountered. The
electrocautery hook was used to divide the fibrous, neural, and
lymphatic attachments around the supraceliac aorta. The dissec-
Table. Clinical features, operative data, and postoperative
syndrome treated with robotic-assisted MAL release
Case 1
Age, gender 29, F
BMI 21
Duration of symptoms 8 years
Symptoms Abdominal pain, nausea,
vomiting
Weight loss 15 lbs
Additional diagnoses
considered
GERD, esophageal stricture, IBS,
chronic pancreatitis, sphincter
of oddi dysfunction, biliary
dyskinesia, hiatal hernia
Pre-op imaging CT, MRI, gastric emptying scan,
ERCP, MRCP, EGD,
OR time, minutes 95
Blood loss Minimal
Discharge day 2
Follow-up imaging CTA: no residual stenosis or
compression of celiac trunk
Symptoms None
Weight gain 15 lbs
Follow-up 14 months
BMI, Body mass index; CT, computed tomography; CTA, computed tomo
denoscopy; ERCP, endoscopic retrograde cholangiopancreatography; GER
IBS, irritable bowel syndrome;MRCP, magnetic resonance cholangiopancrea
Fig 1. This magnetic resonance image of the abdomen is from a
patient who had pain and nausea-predominant symptoms for 8
years prior to being diagnosed with median arcuate ligament
(MAL) syndrome. She had previously undergonemultiple imaging
studies, including computed tomography (CT), endoscopic retro-
grade cholangiopancreatography, and gastric emptying scan. In
this image, severe narrowing at the origin of the celiac artery
(arrow) is noted.tion was continued distally until the celiac artery was circumfer- fntially dissected free of all MAL tissue without external tension
r compression. Intraoperative visualization was used to con-
rm complete release of the MAL. Due to the excellent visual-
zation provided by the camera, we confirmed complete 360
egree release of the aorta/celiac artery junction and the entire
roximal celiac artery to the bifurcation to the splenic and
epatic artery.
The results of our experience are summarized in the Table.
ean operative time for all three operations (including time to
ain access and dock the robot) was 132 minutes (95, 143, 158
inutes). Estimated blood loss was minimal (10 mL) in all cases.
ll patients were started on a clear liquid diet the day of surgery,
ollowed by a regular diet on postoperative day 1. Two patients
ere discharged on postoperative day 2, and our last patient stayed
n additional day due to transportation issues. There were no
ostoperative complications. Two of the patients had no recurrent
ain at 14- and 11-months follow-up. They were tolerating oral
ntake without pain, nausea, or vomiting. The third patient re-
orted resolution of her symptoms at 1-month follow-up. A sub-
equent phone conversation 8 months following her procedure
evealed that she continued to have nausea for several months,
hich was her predominant preprocedure symptom. She eventu-
lly underwent an additional foregut procedure at an outside
acility.
Follow-up CTA for our first patient 5 months postprocedure
emonstrated a patent celiac axis without evidence of compression.
ur second patient underwent duplex ultrasound 4 weeks follow-
ng her procedure, and this too demonstrated no residual stenosis.
hese patients had total resolution of their symptoms. As our third
atient had reported resolution of her symptoms at 1-month
of three patients with median arcuate ligament (MAL)
Case 2 Case 3
25, F 29, F
20.3 19.2
14 months 10 months
Abdominal pain, weight
loss, food fear,
Abdominal pain, weight
loss, food fear,
vomiting,
10 lbs 40 lbs
DGE, biliary dyskinesia,
gastroparesis
Hypothyroidism, GERD,
gastroparesis, and
chronic abdominal
pain
Duplex ultrasound, CTS,
BFT, HIDA, EGD,
MRI ultrasound
158 143
Minimal Minimal
2 3
Ultrasound: no residual
stenosis
None
None Nausea
8 lbs None
11 months 9 months
y angiography; DGE, delayed gastric emptying; EGD, esophagogastroduo-
troesophageal reflux disease; HIDA, hepatobiliary iminodiacetic acid scan;
phy;MRI, magnetic resonance imaging; SBFT, small-bowel follow through.data
graphollow-up, no additional imaging was obtained at that time.
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MAL syndrome remains a challenging and controver-
sial diagnosis. This is due in part to an unclear pathophys-
iologic mechanism making its identification difficult. MAL
syndrome can be confirmed radiographically with CTA or
MRA, demonstrating evidence of external compression of
the celiac artery.8,12 Duplex ultrasound can illustrate
changes in flow through the celiac artery and, recently,
gastric tonometry has been used to aide in the diagnosis as
well.5 Arteriogram is useful when multiple studies yield
discordant findings. Two of our patients each had discor-
dant findings on static imaging and duplex ultrasound;
thus, mesenteric arteriography was used to directly image
the celiac axis. At the time of arteriography, pressure gra-
dients with inspiration and expiration are measured.
Decompression of the celiac axis maximizes the likeli-
hood of relieving patient symptoms. Open surgery with or
Fig 2. Duplex ultrasound on deep expiration (A) revealed ele-
vated velocities at the origin of the celiac artery which normalized
with standing and were significantly higher than in inspiration (B),
consistent with a diagnosis of median arcuate ligament (MAL)
syndrome.without arterial reconstruction has traditionally been the epproach to celiac trunk decompression.13-15 More re-
ently, minimally invasive approaches have been described.
he role of endovascular treatment has been investigated;
owever, it is typically employed as an adjunctive means of
reating the celiac artery stenosis, thus avoiding open revas-
ularization. Several reports have demonstrated similar or
mproved outcomes with a minimally invasive laparoscopic
pproach toMAL release.6-10 Review of these data suggests
hat laparoscopy offers similar outcomes to those of open
urgery with improvement in postoperative recovery and
ain.
The robotic approach offers benefits compared with
raditional open surgery and laparoscopic surgery. The dual
amera generates a three-dimensional image; when com-
ined with enhanced camera stability and increased magni-
cation of structures, this yields improved visualization.
he controls are capable of motion scaling, translating large
ovements by the operator at the console to fine motion at
he instrument tips. This, along with tremor elimination,
nhances microdissection near vital structures. Addition-
lly, the instruments and dissectors have wristed move-
ents, adding significant freedom of motion, a clear advan-
age over standard laparoscopic devices.
One concern regarding the laparoscopic approach to
AL release is that complete release of the obstruction is
ot possible due to extensive scarring and inflammation
round the base of the celiac artery. We believe that this is
he primary advantage of the robot compared with laparo-
copic techniques. With the improved visualization, the
ig 3. Operative set-up includes (a) a 12-mm supra-umbilical
ort, (b) right and (c) left 5-mm ports at subcostal margins in the
idclavicular line, (d) a 5-mm subcostal port in the right anterior
xillary line (for laparoscopic liver retractor), and (e) a mm mide-
igastric assistant port.xtra degree of motion provided by the robotic arms, and
11
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1
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dissect out the celiac artery circumferentially, including the
inferior aspect.
There are obvious limitations to robotic treatment of
MAL syndrome, including cost, set-up time, and the need
for additional training of both surgeon and staff. While
some of these limitations are transient, they remain barriers
to utilization of the robotic platform.
Similar to laparoscopy, the robotic approach maintains
the well-defined benefits of minimally invasive surgery,
including decreased postoperative pain, decreased length of
stay, and decreased postoperative morbidity. There has
been one prior description of MAL syndrome treated with
the da Vinci Surgical System. Our results lend support to
the potential utility of the robotic system for treatment of
this disease.
The diagnosis and treatment of MAL is still controver-
sial. Surgical treatment remains the mainstay of therapy;
minimally invasive techniques have proven successful. Use
of the da Vinci Surgical System provides an additional
minimally invasive approach that appears to have the ben-
efits of improved visualization and ease of dissection in
addition to outcomes approximating those of laparoscopic
techniques. Further study of the robotic approach to MAL
syndrome is warranted.
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